Fatigue is one of the most prevalent and distressing side effects of cancer. It is the only symptom reported by the majority of cancer patients in all diagnostic groups (Curt & Johnson, 2003) . It threatens quality of life and interferes with many activities of daily living (Ahlberg, Ekman, Gaston-Johansson, & Mock, 2003) . Unfortunately, fatigue is not often assessed systematically by health care providers leaving them somewhat unaware of the impact fatigue has upon patients (Davis, Lai, Hahn, & Cella, 2008) . Additionally, interventions are not routinely offered to help patients manage the fatigue or cope with its impact, despite the fact there is a growing body of evidence about fatigue interventions. Practice guidelines from the National Comprehensive Cancer Network (NCCN) indicate that a systematic approach is required to screen, assess, and manage fatigue appropriately (NCCN, 2007) .
Busy clinical settings, heavy patient caseloads, and lack of easily applied instruments to identify patients who are experiencing fatigue are cited as reasons why the side effect is not routinely assessed during a clinical consultation. The Fatigue Coalition (Vogelzang, Breitbart, Cella, Curt, Groopman, Herning, et al., 1997) reported nearly one-third of the patients who had fatigue mentioned it to their physician on every visit to the office while only 6% of their physicians believed that it was mentioned that frequently. Fatigue was cited as a primary patient concern by patients within lung (Fitch & Steele, 2010) , advanced disease (Fitch, 2010) , gynecologic (Steele & Fitch, 2008) , and breast cancer (Fitch, Gowing, Murray, McKillop, Schertzer, & Deane, 2002) populations.
The need for an easily administered and scored instrument to measure fatigue led us to design a new tool for quick clinical screening of fatigue in busy clinical environments. With a psychometrically sound instrument, patients can be triaged efficiently for concerns about fatigue and referred appropriately. The instrument can serve both as a trigger to health care professionals to pay attention to fatigue and as an aid for easy documentation and regular monitoring of the symptom over time.
Background
Although there is no one universally accepted definition of fatigue (Tiesinga, Dassen, & Halfens, 1996) , there are common threads running through the existing definitions. These include notions that fatigue is subjective and multidimensional (Irvine, Vincent, Grayson, Bubela, & Thompson, 1994; Winningham, Nail, Burke, Brophy, Cimprich, Jones, et al., 1994) , has different modes of expression (Smets, Garssen, Cull, & deHaes, 1996) , exists along a continuum, and involves energy depletion (Irvine et al., 1994) . In cancer, fatigue is frequently defined as a condition characterized by subjective feelings of tiredness; loss of strength; and endurance or energy that varies in degree, frequency, and duration with different modes of expression (i.e., physical, functional, cognitive, emotional, social and motivational) (Ahlberg, Ekman, Gaston-Johansson, & Mock, 2003; Olson, 2007) .
The prevalence of fatigue has been well documented. Estimates of fatigue during chemotherapy range from 70% to 100% (AncoliIsrael, Liu, Marler, Parker, Jones, Sadler, et al., 2006) while those in radiation range from 80% to 100% (Danjoux, Gardner & Fitch, 2007) . Fatigue has been documented as seven times more prevalent in the cancer population than in the general population (Cella, Lai, Chang, Peterman, & Slavin, 2002) and qualitatively different. For cancer patients, fatigue is rarely relieved by rest or sleep (Olson, Krawchuk, & Qudussi, 2007) .
The severity of fatigue in cancer ranges from mild to moderate and severe, but is not directly related to type of cancer, cancer stage, size of tumor, number of nodes or the presence or site of metastases (Servaes, Verhagen, & Bleijenberg, 2002) . Winningham et al. (1994) stated that the pattern of fatigue over the illness and treatment regimen varies with disease type, site and regimen. For many, fatigue tends to increase over the course of treatment and dissipates once treatment has finished (Irvine et al., 1994) . However, for some patients fatigue has been reported to persist after the treatment has finished, sometimes for several years (Berglund, doi:10.5737/1181912x214205210
Bolund, Fornander, Rutqvist, & Sjoden, 1991) . Qualitative studies have emphasized the uniqueness of each patient's experience and have focused on the impact of cancer-related fatigue (Chan & Molassiotis, 2001) . Fatigue becomes significant when it reaches a level where it adversely affects an individual's quality of life (Wei, Dunn, Sandler, McLaughlin, Montie, Litwin, et al., 2002) . Fatigue can interfere with employment, leisure and social activities, and activities of daily living.
Clinical assessment of fatigue helps to link interventions to the underlying etiology. Changes in the patients' drug regimen, reversal of anemia or metabolic abnormalities, or treatment of sleep disorders or depression are potential avenues for intervention (Portenoy & Itri, 1999) . Psychostimulants (e.g., methylphenidate, pemoline and dextroamphetamine) and selective serotonin-reuptake inhibitors are being used empirically to counteract debilitating fatigue (Cleeland, 2001) . The nonpharmacologic approaches for the management of cancer-related fatigue are receiving more attention and are showing benefits for some patients. These include walking or exercise programs (Windsor, Nicol, & Poller, 2004 ) educating patients about fatigue (Ream, Richardson, & Alexander-Dann, 2006) , and individual counselling by professionals (Mitchell, Beck, Hood, Moore, & Tanner, 2007) .
Over the years, several instruments have been developed to measure fatigue from the cancer patient's perspective across its several dimensions (Smets, Garssen, Cull, & deHaes, 1996; Cella, 1997; Wu & McSweeney, 2004; Yellen, Cella, Webster, Blendowski, & Kaplan, 1997 ). Piper's scale is one of the most popular and measures fatigue using the characteristics of temporal, intensity, affective, sensory evaluative, associated symptoms, and relief patterns (Piper, 1990) . However, these tools were originally developed as research instruments and not as screening tools. Their length and complexity preclude easy administration and interpretation within a busy clinical setting. What is needed is a brief, psychometrically sound, easily administered and scored device where results could be readily available for clinical decision-making.
In response to the need for a clinically appropriate tool to measure fatigue we designed an instrument called the Fatigue Pictogram. It was created to measure the two dimensions of fatigue most frequently described by patients (i.e., how tired they feel and how much they are not able to do within their daily activities). It was designed as a screening or triage device with two items. The patients who are identified as experiencing difficulties with fatigue using the short instrument can then undergo an in-depth assessment of fatigue and receive appropriate interventions.
Purpose This paper will report on the psychometric evaluation of the newly developed fatigue instrument. The evaluation was conducted with lung cancer patients attending a multidisciplinary outpatient clinic. Assessing the psychometric properties and performance of a new measurement device is important if appropriate clinical decisions are to be made on the basis of the data provided by the tool. In this study, reliability and validity will be reported, as well as the performance in correctly categorizing or identifying patients with clinically significant fatigue. Reliability is defined as the extent to which an instrument yields the same results (consistency) on repeated measures (Nunnally & Bernstein, 1994) . Both consistency over time (test-retest) and over method (telephone and in person) were considered relevant in this case. Validity refers to whether an instrument accurately measures what it is supposed to measure (Nunnally & Bernstein, 1994) . Assessment against standard validated fatigue and quality of life measures were seen as appropriate for this work to determine concurrent and construct validity.
Methods
The study protocols were submitted to and approved by the ethics review boards of the four cancer centres from which patients were drawn. Accrual occurred in the reception area of the ambulatory clinic while patients waited for their appointments. The study coordinator assessed patients for eligibility together with the clinic nurse according to the following criteria: a definitive diagnosis of cancer, 18 years of age or older, able to speak English, and not experiencing current mental illness or high emotional distress. The coordinator approached eligible patients, explained the study requirements, and invited their participation. Those who consented to participate completed an informed consent document and began the first round of data collection while in the clinic setting. A package of data collection materials was provided for the participating individuals to take home with them and use in the subsequent interactions with the study coordinator over the telephone.
Participation: Study participation involved completing the data collection instruments on four occasions. The patient completed the instruments in the waiting room of the lung cancer clinic the first time (Time 1) during a face-to-face interaction with the study coordinator. The rest of the data collection was conducted over the telephone according to the following schedule: Time 2 occurred 24 hours after Time 1, Time 3 occurred 24 hours after Time 2, and Time 4 occurred seven days later. This data collection schedule allowed us to determine reliability or consistency between two methods (i.e., face-to-face and over the telephone), as well as over a short interval (i.e., 24 hours over the phone). The 24-hour time interval was selected as a short time frame in which one would not expect actual change in the level of fatigue. The weeklong interval, when change in fatigue levels would be expected, allowed for determination of sensitivity to change over time (i.e., one week over the phone). Application of standardized fatigue and quality of life scales allowed the determination of validity.
Data collection instrumentation:
The data collection tools included a demographic data sheet, the newly developed Fatigue Pictogram, and two validated standardized tools-the Multidimensional Fatigue Inventory (Smets, et al., 1996) , and the SF-36 (Ware, 1992) , as a measure of quality of life. The demographic sheet was created for this study and gathered age, gender, education, marital status, time since diagnosis, and performance status. Performance status was measured using the Eastern Cooperative Oncology Group rating (ECOG) (Zubrod, Schneiderman, Frei, Brindley, Gold, Snider, et al., 1960) .
The Fatigue Pictogram was developed as an easily administered and scored tool for measuring fatigue in a clinical setting. There are two questions or items measuring the dimensions patients talk most Figure 1 . The Fatigue Pictogram frequently about when describing their fatigue. Question 1 asks, "How tired have you felt over the last week?" and elicits responses on a five-point Likert scale ranging from "not at all' (scored as 0) to " extremely tired" (scored as 4). Question 2 asks, "How much does feeling tired prevent you from doing what you want to do?" Responses range from "I can do everything I normally do" to "I can do very little" and are scored from 0 to 4. Each response option is depicted in a picture with a generic figure and an appropriate colour (See Figure 1) . Words are written under each of the pictures as well, but no numbers are evident to the patients completing the tool. The Fatigue Pictogram is formatted on a laminated card with one question on either side. The card can be carried easily in a uniform or lab coat pocket and shown to patients in the clinical setting. The response can be charted in the patient record in numerical form and easily tracked over time.
The Multidimensional Fatigue Inventory (MFI) (Smets et al., 1996) was developed for use with cancer patients. It is a 20-item instrument that measures five dimensions of fatigue: general, physical, mental, reduced motivation, and reduced activity. A factor analysis supported the five dimensions and, in cancer populations, Cronbach's alphas for the subscales ranged from 0.77 to 0.86. The instrument has been shown to have construct and convergent validity.
The SF-36 (Ware, 1992 ) is a well-established generic measure of quality of life. It consists of eight subscales: physical functioning, role-physical, bodily pain, general health vitality, social functioning, role-emotional, and mental health. The SF-36 has been tested extensively and used in a number of populations with chronic illness including cancer.
Statistical analysis:
The SAS statistical software version 9.1.3. (SAS Institute Inc., Cary, North Carolina) was used for data analysis. The raw data were summarized and descriptive statistics were calculated for all demographic data and for item and total and subscale scores. Reliability was assessed using the Weighted Kappa Statistic because of the ordinal nature of the Fatigue Pictogram and the desire to measure agreement between scorers in classifying observations into categories. Equivalence of method was tested using Time 1 and Time 2 data; test-retest reliability was tested using Time 2 and Time 3 data; and sensitivity was tested using Time 3 and Time 4 data. Concurrent validity was assessed by comparing the responses for each of the Fatigue Pictogram questions against the subscale total scores of the Multidimensional Fatigue Inventory. We expected that individuals who had high scores on the Fatigue Pictogram would also have high scores on the three relevant subdoi:10.5737/1181912x214205210 
Results
Selected sample characteristics A mixed sample of 190 lung cancer patients attending ambulatory multidisciplinary lung clinics participated in this psychometric evaluation. Approximately equal numbers of men (53.2% of sample) and women (46.8% of sample) completed the data collection instruments. The average age of the participants was 61.4 (SD=11.0) years at the time of the cancer diagnosis and 63.0 (SD=11.1) at the time of their participation in the study. Sixty-one per cent were married and about a third of the sample (34.3%) had completed college/university education. A quarter (25.8%) had less than high school education. The majority were on active treatment.
Distribution of performance status, fatigue and quality-of-life scores
The ECOG scores showed a range in performance status at all four measurement points (see Table 1 ) from normal activity to being in bed more than 50% of the time. Responses to the Fatigue Pictogram Question 1 (i.e., how tired the person had felt over the past week) and Question 2 (i.e., how much feeling tired prevented the person doing what they wanted to do) also revealed a range of perspectives (see Table 1 ). The proportion of responses indicating greater fatigue increased from Time 1 to Time 4.
The scores on both the MFI and SF-36 showed a range of perspectives, as well (see Table 2 ). Mean total scores on the MFI showed a slight increase in fatigue over time while mean scores for the SF-36 subscales of physical functioning, general health, role-physical, and social functioning decreased slightly from Time 1 to Time 4. None of the decreases was significant.
Reliability of the Fatigue Pictogram
Reliability of the Fatigue Pictogram was determined using the Weighted Kappa statistic. This analysis showed the level of agreement in responses between method types (face-to-face versus telephone) and time intervals (24 hours apart, seven days apart). As we anticipated, the highest level of agreement for both Question 1 and Question 2 on the Fatigue Pictogram was for the short 24 hours test-retest using the same method (i.e., over the telephone). The seven-day interval (sensitivity to change) showed the lowest level of agreement (see Table 3 ).
Validity
Concurrent validity was assessed using regression analysis to determine the level of agreement between the new tool and the previously validated measures. Table 4 presents the concurrent validity results over the four time periods between the new Fatigue Pictogram and the Multidimensional Fatigue Inventory total and subscale scores. Both Fatigue Pictogram questions and the Multidimensional Fatigue Inventory classified the same participants as being fatigued (i.e., participants who had high scores on one instrument also had high scores on the other). In particular, patients who had high scores on Question 1 of the Fatigue Pictogram about feeling tired also had high scores on the two corresponding subscales of the Multidimensional Fatigue Inventory (general, physical). Those who had high scores on Question 2 of the Fatigue Pictogram about not being able to engage in activities also had high scores on the reduced activity subscale of the MFI. In contrast, coefficients between the Fatigue Pictogram questions and the other Multidimensional Fatigue doi:10.5737/1181912x214205210 Inventory subscales (mental, reduced motivation) were lower, illustrating less agreement with these dimensions that were not measured by the Pictogram items (see Table 4 ). Construct validity was assessed using regression analysis to explore the relationship between fatigue and quality of life. As we anticipated, patients who had high scores on the Fatigue Pictogram had scores indicating low quality of life on the corresponding subscales of the SF-36 (physical functioning, vitality, social functioning, role-physical) (see Table 5 ).
Discussion
The Fatigue Pictogram was designed to be an easily administered and scored measurement device for use in a busy clinical setting. It was designed to quickly and reliably triage which cancer patients had fatigue and required further assessment and intervention. This initial psychometric evaluation was undertaken to assess reliability and validity in a group of lung cancer patients.
The Fatigue Pictogram, with only two questions, was very easy to administer and score in a busy clinical setting. Patients had no difficulty indicating a response to the Fatigue Pictogram questions, even with limited English because of the pictures and colours. The scores were readily available to the clinical team and provided the basis for a conversation about fatigue with the patient. Our study findings showed each Fatigue Pictogram question was capable of capturing variation in fatigue perspectives. That fatigue was both present and existed to varying degrees in the study sample was confirmed by the ECOG scores.
The reliability coefficients indicated good consistency between methods of administration (face-to-face and over the telephone) and test-retest over the 24-hour period (same method-over the telephone). As we expected, the strongest agreement was observed for the same method (over the telephone) over a short time period (24 hours). This is the scenario with the least likelihood of actual change. Similarly, the lowest level of agreement for the sevenday period was anticipated because there is a greater likelihood a patient's level of fatigue has actually changed in that period of time. The lower level of agreement indicates that the fatigue pictogram captured the change in fatigue over the longer time period.
The validity results were also consistent with the anticipated or hypothesized directions. The Pictogram was designed as a screening tool to measure only the dimensions of physical tiredness and activity levels, and the scores for the pictogram questions corresponded most strongly with the physical and activity subscales of the Multidimensional Fatigue Inventory and the SF-36. These results support the notion that the Fatigue Pictogram items accurately measure the physical dimension of fatigue and the related activity levels rather than other aspects of fatigue (i.e., mental) and are able to classify individuals accurately as fatigued, or experiencing reduced activity because of fatigue. It is appropriate for a screening tool to focus on prevalent dimensions (in this case, the ones that patients are most apt to talk about, physical and activity reduction) while leaving the other aspects for an in-depth assessment (emotional, cognitive. etc.).
Finally, construct validity can be claimed for the Fatigue Pictogram based on its performance related to the theoretical notion or hypothesis that heightened fatigue is associated with lower quality of life. This notion was supported in that high Fatigue Pictogram scores were associated with low quality-of-life scores on the relevant SF-36 subscales.
Implications for practice and research
Psychometric evaluation of a new measurement device is an important aspect of its development. Ensuring both reliability and validity provides assurance about the instrument's performance and instills confidence about making clinical decisions based on its scores. The results from this study support the use of the Fatigue Pictogram as an easily administered measurement device for quickly identifying if patients are experiencing fatigue. In this regard, the Fatigue Pictogram can be used with confidence by oncology nurses, as a screening device to classify individuals who are experiencing fatigue and could benefit from deeper assessment and potential intervention. It is important to acknowledge that this tool was designed to assist in triaging patients and quickly identifying those who need attention by busy clinicians. It was never meant to be an assessment device. It can be used at every clinic visit or over the telephone, as the basis for a conversation with patients and to monitor fatigue progression over time.
Given this evaluation was conducted with lung cancer patients, further psychometric assessment is needed with other patient populations. It is also important to systematically introduce and evaludoi:10.5737/1181912x214205210 ate the use of this tool in routine clinical practice so it can promote regular attention to fatigue by providers (Danjoux et al., 2007) . This will require concerted effort, as introducing a new measurement tool often requires a change in clinical practice. The introduction of the Fatigue Pictogram as a screening device will drive the practice of fatigue management to include a deeper assessment of fatigue and tailored intervention for its relief. The evidence base for fatigue intervention is growing rapidly and has been summarized in easily understood practice guidelines for the practitioner to use (NCCN, 2007) .
Given the importance patients attribute to fatigue and the virtually universal experience of this symptom, it is imperative that oncology nurses incorporate assessment and intervention regarding fatigue into their practice. This will require concerted effort on their part to access the evidence regarding effective fatigue management interventions and hone their skill in fatigue assessment. Finally, an idea for future consideration would be for patients to use the Fatigue Pictogram as a self-monitoring tool within their own self-care management approach.
